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Abstract 
According to the principle that stratum grouting can effectively release and restrain the vertical additional stress on the shaft 
lining, based on the actual measurement results of a project, we established a model for calculating the stress on the shaft lining 
during stratum grouting, studied the impact of grouting pressure change on shaft lining stress during shaft curing, obtained a 
quantitative result, compared the actual measurement data about the shaft lining stress increase and the shaft top settlement 
condition with the numerical simulation result, and finally proved the accuracy of the numerical simulation result. The results 
indicated that the parameters like shaft lining stress, shaft deformation, and grouting pressure must be under effective monitoring 
in the project of preventing and curing shaft-lining rupture through intermittent stratum-grouting under low pressure; the safety of 
shaft during grouting is tightly related with grouting pressure, especially the circumferential stress and radial stress with grouting 
pressure. The circumferential and radial stress increase by 0.96 MPa and 4.3 MPa respectively when the grouting pressure 
increases by 1 MPa. The results can be applied to similar shaft lining treatment projects. 
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1. Introduction 
Since 1987, the North-eastern areas in China have been kept suffering from the disasters of severe shaft lining 
rupture, which occurs both at home and abroad. According to data, there are more than 100 shafts with the similar 
damages, which have caused hundreds of millions of economic losses and remain a great hidden threat to the normal 
mining operation. So the present research focused on the causes, mechanism and solving methods for these kinds of 
geotechnical calamities and the engineering projects have always been the hot topics in recent 20 years in the fields 
of shaft building, geology and mining. The vertical additional stress theory on the shaft fracture put forward by 
China University of Mining and Technology (CUMT) can well describe the main characters of the shaft fracture and 
are gradually accepted by the experts and scholars both here and abroad because it has been supported by many 
results from theories, experiments and practical researches [1~3], according to which the shaft strengthened by 
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 stratum grouting is the fundamental method in the thick soil stratum, and can release and restrain the vertical 
additional stress to assure the safety of shaft lining in a long time. During grouting, to avoid the shaft being pulled 
out vertically or being pressed apart horizontally, we need to build up a monitoring system to follow the stress 
variation trend on the shaft; it is also necessary to study the rules of stress response during grouting. Till now, 
studies on the mechanism of curing shaft lining rupture through grouting and the factors influencing the additional 
stress on shaft lining have already been under way, but the research on the law of shaft lining stress variation during 
grouting is still rare. We used ANSYS software, conducted simulation analysis of the shaft lining stress variation, 
compared the simulation results with the actual measurement data obtained from a mine treatment and calculation 
results, and testified the accuracy of simulation result, which will be very helpful to the similar engineering projects. 
2. The calculation scheme and mechanical model of numerical analysis 
Formation grouting technology for preventing the rupture of shaft lining and the main control parameters have 
been given by the article [9]. Actual measurement shows the uplift of 
the shaft lining's top section is greater than that of the earth surface 
during the grouting treatment, and shaft lining shift is upward 
compared to topsoil, so we can deduce that the friction of the outer 
shaft lining surface is downward(As shown in Fig. 1). The effect of 
grouting makes the upper soil layer uplift reduce the vertical 
additional forces of the upper shaft lining; The soil below grouting 
part has a certain amount of compression, therefore the vertical 
additional forces of the lower shaft lining increase, however, the 
increment is little due to the bound of the bedrock. The released 
amount of additional forces is greater than the accumulation of 
additional force of the whole shaft lining, the overall vertical 
additional forces of shaft lining is reduced. In view of this, the 
calculation and analysis in this article are: 
(1) The grouting location is about 100m from the wellhead, and the grouting pressure range is about 10m. 
(2) When the grouting pressure increases by 1MPa, additional forces of upper shaft lining reduce by 1.5 years, 
and add by 0.5year on lower shaft lining. 
(3) Grouting pressures for calculation are 2.5MPa, 3MPa, 3.5MPa and 4.5MPa. 
(4) The grouting begins after the first fracture of shaft lining near the bedrock. The shaft lining can be divided 
into three parts by force forms: the grouting shaft lining, upper shaft lining and lower shaft lining. 
(5)The lengths of the shaft lining above the topsoil and the bedrock are 156m and 24m respectively. The radius of 
Shaft is 3m, and the thicknesses of inner and outer shaft lining are 0.5m. 
3. Stress analysis of the shaft lining during the grouting 
3.1. Analysis of vertical stresses under different grouting pressures 
Fig. 2, 3 show the curves of vertical stresses with depth for inner and outer surfaces under different grouting 
pressures. The results of numerical analysis show that vertical stresses of inner and outer surfaces have the same 
trend. As the increase of the grouting pressure, the vertical compression decreased overall, and the formation 
grouting releases the vertical stress of shaft lining effectively. When the grouting pressure reaches 4.5MPa, the 
maximal vertical stress of the inner shaft surface reduces by 2.465MPa and 3.075MPa on outer shaft surface. With 
the influence of grouting pressure, the vertical stress of the part which grouting pressure effects directly fluctuates 
within the security scope. 
3.2. Analysis of circumferential and radial stresses under different grouting pressures 
The distribution of circumferential and radial stresses with the depth is shown in Fig. 4-6(just the lateral radial 
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Fig. 1. The mechanical model of shaft lining 
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stress is given), the grouting pressure has a great impact on circumferential and radial stresses of the shaft lining, 
when the grouting pressure increases by 1MPa, the radial stress of the shaft lining will increase by 0.96MPa, and the 
circumferential stress will increase by 4.3MPa. As the considerable growth rate of the radial and circumferential 
stresses, we should take effective measures to control the grouting pressure in practical engineering, otherwise, the 
grouting lining will fracture easily, and it will be difficult to guarantee the safety of the shaft lining during the 
treatment. The radial and circumferential stresses of the shaft lining in remaining parts of the topsoil are not 
seriously affected by the grouting pressure, and it is the same with the initial state. Because of grouting, the 
additional forces of the grouting shaft lining get smaller, the expansion level of the shaft lining in bedrock is less 
than the initial state, the passive confining pressure decreases, and the radial and circumferential stresses get a 
corresponding reduction at the same time. 
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Fig. 2. Vertical stress of shaft lining's inner surface                                   Fig. 3. Vertical stress of shaft lining's outer surface 
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Fig. 4. Circumferential stress of shaft lining's inner surface                      Fig. 5. Circumferential stress of shaft lining's outer surface 
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 Fig. 6. Radial stress of shaft lining's outer surface 
3.3. Analysis of vertical displacement of shaft lining and wellhead compression 
The vertical displacement of the shaft lining decreases with the increase of the grouting pressure, the decrease of 
vertical displacement in the section above the grouting area is much larger than the decrease in the section below the 
grouting area, that is to say the rebound of the shaft lining is almost completed by the section above the grouting 
area. Fig. 8 shows the relationship between wellhead compression of the shaft lining and the grouting pressure, the 
rebound of the wellhead and the grouting pressure have a linear relationship, about 0.3mm/MPa, and the rebound 
value of the wellhead is about 13mm when the grouting pressure achieves 4.5MPa. 
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Fig. 7. Vertical displacement of shaft lining's inner surface                         Fig. 8. Compression of wellhead 
4. Case study 
According to the principle that stratum-grouting can effectively alleviate and curb additional stress on the shaft 
lining, after the parameters were fixed based on document [10], a project treating shaft lining rupture through 
stratum grouting was implemented in a mine with the actual condition of the mine considered. A shaft lining 
penetrated through the quaternary soil. The depth of the soil was 156m, and the diameter of the shaft was 6.0m. 
The grouting materials are cement and coal ash, the material sealing the pore is cement or a mixture of cement 
and sodium silicate, and the grouting is implemented in different orifices, from under to top, at regular time and at 
intervals. The grouting is implemented in different orifices, from under to top, at regular time and at intervals. The 
initial pressure on the grouting orifice is about 3.0~4.0MPa, but the final pressure is 4.0~5.0MPa. 
Fig. 9 is a duration curve of shaft lining's vertical stress increasing during grouting. Four observation points were 
set on the four directions (east, south, west and north) of the shaft top, marked respectively with AE, AS, AW, AN. 
Fig. 10 reflects the shaft top's settlement condition observed during grouting. In order to correspond to the above 
numerical simulation analysis, the data about stress variation and settlement from Oct. 28 to Dec. 15 were taken and 
analyzed. It found that the vertical stress of the shaft changed from 330µε to 400µε，alleviated 70µε;  The 
observation result of the shaft top is from 12mm to 22mm  with the shaft top raised 10mm. 
The cement used in the shaft lining is C30, its E and μ  is 312MPa and 0.167 respectively. Based on the 
numerical simulation result, and calculated according to formula (1), the result that the vertical stress release of the 
shaft lining is 63µε. 
 
)]([1 yxzz E σσµσε +−=
                                                                                    (1) 
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Fig. 9. Duration curve of shaft lining's vertical stress increase                Fig. 10. Duration curve of shaft top settlement 
5. Conclusions 
(1) This paper further testified the principle that stratum grouting can effectively alleviate and curb the vertical 
additional stress on the shaft lining, and the stratum grouting is an effective and feasible method for preventing and 
curing the shaft lining rupture. 
(2) We built a calculation model based on practical projects, analyzed the grouting pressure’s influence on shaft 
lining stress, and studied the shaft lining stress variation condition along with changes of grouting pressure during 
intermittent grouting under low pressure: when the grouting pressure is 4.5MPa, the vertical stress on the inner side 
of the shaft lining decreases by about 2.436MPa, and the maximum vertical stress on the outside of shaft lining 
decreases by 3.075MPa; the grouting pressure has a great impact on the shaft lining’s radial and circumferential 
stresses: that the grouting pressure increases each 1MPa will cause the radial stress to increase by about 0.96MPa, 
and the circumferential stress increase by near 4.3MPa. 
(3) During grouting, monitoring systems should be built up to monitor the parameters of shaft lining stress, shaft 
deformation, and grouting pressure. Otherwise, it is difficult to guarantee the operation safety during grouting 
treatment. 
(4) The influence of grouting on the stress of shaft lining is very complex. Besides the grouting pressure, grouting 
materials and the time and space order of grouting can also influence shaft lining stress. Further improving the 
numerical simulation analysis, and comprehensive analysis and experience accumulation based on actual project 
measurements will do help to similar treatments of shaft. 
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